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Towards Aspect Invariant Feature Sets for

Characterizing Three Dimensional Objects

Abstract
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The pro b lem of character izing t hree dimensiona l object s wit h
a minimum number of feature sets is addressed . Previous research has
been plagued by features which are a function of aspect angle and So

efforts have concentrated on characterizing an object with several
hun dxed prototype feature sets. In this work it is demonstrated that
in many cases , the silhouette obtained from one view of the object can
be derived from a linear transformation of the silhouette from another
v iew. As a re sult of th is relat ion ~~ip a single set of moments which

.
~~~~~~~~ is invariant to such a general linear transformation can be used to

characterize many views of the same object and hence the number of
prototype feature sets required to specify an object is reduced . In
addition , it is demon strate d t hat for some objects it is advanta geou s

to partition the object into regions in order to find the region of

the object which is least dependent upon aspect angle.
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INT R ODU CTION

For quite some t ime , the recognition of hand printed
charEcters has received much attention and the methods developed

have achieved significan t success .  In recent years , cons iderab le
interest has developed in the recognition of three dimensional

objects. The research has been largely motivated by computer aided

assembly and ins pec tion for manufac tur ing an d air traffic con trol
problems . In the first case , the object is generally oriented so

that recognition or inspection can be accomplished in two dimensions

(1 ,3,14 ,6). Some attempts have been made to use multiple views of

the object (2,5) but these methods are not applicable to air traffic

control problems . In this case , Informat ion in three dimens ion s is
necessary for recognit ion but on ly one ‘view is available. This makes

object recognition more difficult since parts of the object may be

obscured by other parts of the object . Thus, the shape of the sil-

houette seen by the camera may be dependent upon the viewing or aspect

angle. The orientation of the object may further alter the shape of

the silhouette through rotation , translation , and size change (simili-

tude).

From previou s work in character recognit ion , it is well known
that f eatures , called moment invariants (9—11), can be used to descr ibe
the shape of a two dimensional image . They are invariant to rotation ,

trans lat ion , and similitude . These features have been directly applied

to the recognition of three dimensional objects (12—16). In (12),

Dudani extracts moment invariant features from aircraft shapes fusing

over 500 different aspect angles for each aircraft type . For the

six different ty pe of aircraf t  used , the comp lete tra ining sample set
contained over 3000 live images . To classify an unknown aircraft , a

modified K—nearest neighbor classifier was used to find the ten nearest

neighbors among the 3000 element training set . A high degree of correct

recognition was reported and Is probably the most successful work to

date. The major disadvantages of the method are the computational

loa d , storage requirements , and the large number of images required to
characterize an object. A similar aproach to recognizing ships was

taken by Smith and Wright (13). Again , moments invariant to rotation ,
trans lat ion , and similitude wer e used to determine ship t ype. Here ,
the aspect problem was Ingored by permitting only top views of ships
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to be admissible Images . Another study for recognizing tanks (114 ,
17) wa s done and the metho dology is the same as that of Dudan i .

A comprehensive survey of automatic recognition of three dimen—

sional objects using one optical sensor can be found in McGhee (15).
Here , possible features are discussed for pattern recognition classi—

h ers , suc h as th e slope code formu lat ion , Fourier descrip tor s ( 18 ) ,
and .z ment invariants. In addition , some ot her , less succes sful,
teThniques for recognition of three dimensional objects are presented.

In all of the above methods for reco gnizing three dimens iona l
objects , features are used which are a function of aspect angle and

so characterizing an object typically requires several hundred feature

sets. Such an approach does not consider the fact that some regions of

the object are informat ionally richer than ot hers ( 20) .  In th is work ,

a region which is rich in information is one that has features which

are aspect Invariant while all other regions are considered to be

ambiguous and are not useful for classifying the object . This idea

is cons istent with the conjecture that shape reco gnit ion is a hie rarchical
process ( 19) .

In this  work an at tempt Is made to characterize three dimens ional
objec ts with a minimum number of featur e sets.  Her e it is demonstrated
that for many cases , the silhouette obtained from one view of the object
can be derived from a linear transformation of the silhouette from

another view . As a result of this relationship, a set of moments which
Is invariant to such a general linear transformation can be used to

characterize many views of the same object and hence the number of

feature sets required to specify an object is reduced.

The next section discusses a set of features which are inlariant

under a general linear transformation . This is followed by some experi—

merits with some common solid objects inwhich features are computed

for various aspect angles. Next , aircraft shapes are considered and

features are extracted for various regions of the airc ra f t  at numerous
aspect angles. Final ly , suggestions for future research are presented .
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Mom ents Invar iant Under Genera l Linear 14
Tranformat ions

Let the two dimensional  ( p + q ) t h  order moments  of a discrete
dens i ty  d i s t r ibu t ion  f ( x i , y i ) be def ined as

N
Mpq 

= 

~~~~ i~~i 
(x ~ —~~~)~~ (~~1

_~ 1)
q f ( x 1,y1) ( 1)

p,q = 0 ,1, 2 ...
where x is the mean of the coordinate x1 and Is the mean of t he
coordinate y1. For a solid silhouette discretized to a matrix of

zerc~ and ones the distribution f(x1,y1) = 1 for a point contained

within the silhouette and zero otherwise. It can the,n be shown that

moments of all orders exist and that the sequence Mpq} 
is uniquely

determined by f(x1,y1); and conversely, f(x13y 1) is uniquely determined
by {Mpq }~ (11).

For the general linear transformation

[ul ra bi rxl
[vj L° ~j  ~ (2)

there exists four absolute moment invariants given by

= (N 20 N02 
— N11 ! N00 ( 3 )

= ( C M 30 M03 — M 21 M 12 ) 2 
— 14 (M

31~ N12 
— N21

2 ) (M 21 M03 —

( 14 )

R 3 = (M 20 (M 21 N 03 — N02 ) — M 11(M 30 N 03 — N 21 N 12 ) +

N (N M N ~~/ M0 2 30 A l2 2 1 ~~ 00
and
R14 = ( M 30

2 N 02 — 6M 30 N 21 N 11 N 02
2 

+ 6 N 30 N 12 N 02 ( 2  N 11
2 

— N 20 N 02 )

+ N 30 M03 (6M 20 N 11 M02 — 8 N11
3)

+ 9 r4 21
2 M~ 0 N 02

2 
— 18 N 21 N 12 N 20 M

11 N 02 + 6M 21 N 03 N 20 ( 2 M 11
2 

—

N20 N02 )

+ 9 M~ 2~ N 20
2 N 02 — 6M 12 N03 N 11 N 20

2 
+ M03~ N 20

3 )/N 00
7 ( 6 )

Moments t hat  are invariant  to size change , rotation and translation
have been used extensively for characterizing shape (11—16) and they

are clearly a function of aspect angle (15). Moments that are invariant
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to a linear t ransformat ion  can reduce this  dependency on aspect
angle. For example , consider a cube centered about the origin in

an xyz coor dina te system where 4) represents rotat ion about the x
axis , ~ about the y axis and ~‘ is ro ta t ion  about the z axis .  I n i t i a l l y ,
4) = = = 0. Ro ta t ing  the ob jec t  through any angle ~ will not
change the va lue of R 1,R2,R3, or R 14 since the silhouette obtained
after rotation through ~ given by the coordinates (~~~,v1) can be

obtained from the original silhouette by

Hi ra 01 H ( 7 )L’11J 10 lJ [~j
On the other hand , moments which are invariant to size change ,

ro tation (t his only includes rotat ion about an axis perpendicular
to the  original viewing plane) and translation will change after
the rota t ion through ~~ . Consequent ly ,  moments  invariant  to a linear
t ransformat ion  are able to character ize  more regions of the o b j e c t .
The net result is a reduct ion In the number of f ea tu re  sets needed
to characterize the object .

Inves t iga t ing  Aspect  Invariance for  Some Simple Ob jec t s

The features  R 1, R 2 , R 3 and R 14 were tested on a sphere , cube,
cyl inder  and a cone.  All images were binary images and were simulated

on an IBM 37 0/ 15 8 .
Let the  objec t  res ide in a coo rd ina t e  sys tem xyz w i th  the  ~~r igin

at or close to the center of gravity of the object. Initially, let

the three axes xyz be coliriear with the axes of the viewing or camera

coord ina te  system , uvw . The v iewing coo rd ina t e  sys tem is then  ro ta ted
about the y axis through the angle ~ , about the z a xi s  th rough  the
angle ‘t’ and about the x axis through 4 ) ,  in that order. The transfor-
mation which relates the two coordinate system s is

u {~~os ~ cos ~‘ sin Q sin 4) sIn Q cos 4) + x

I 
co~ ~ sin ‘I’ cos 4) cos Q sin ‘P sin 4)

V = sin ‘P cos ‘P cos 4) —co~ ‘P sin 4) y (8)

w — s i n  Q cos ‘P co~ ~ sin 4) + cos ~ cos 4) —

sin Q sin ‘P cos ~ sin @ sin ‘I’ sin z

• - - • - • .• •—~~~~-~ -•  ~
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The moment s in equations (3)— (6) were then ca l cu l a t ed  from the
solid silhouette in the uv plane for various orientations of the object .

Now , the moment s used here will be invariant to a ro ta t ion  through
an angle ‘P since this is just a special case of a l inear transformation.
Furthermore , for an image that possesses symmetry about a plane , the

range of ~ an d 4) nece~~ ary to cover all distinct views in smaller
than  the  to ta l  0 to  360 degree range ( 1 2 ) .  It can be shown tha t  the
si~ nificant range of values is

90° ~ ~ 90 ° ( 9 )
O
e 

~ 4) ~ 90 °

All objects were represented in the uv plane by an 80 x 80 matrix of

ones and zeros. In the original xyz coordinate system the sphere can

be descr ibed by

x2 + + z2 ~ 100 (10)

the cub e can be describ ed by the boundaries

x = ± 5, y = ± 5, z = ± 5 (11)

The cylinder has boundaries

+ y 2 
~ 25, z = ± 5 (12)

and the cone can be described by -

+ y 2 
< 25, z < 5 — lx ~ , z ~ 5 

— t~ I ~ 13)

A summary of the results is shown in Table 1 where and are the
mean and variance respectively of R1.

Although it is not evident from this table , R~ was found to be
very sensitive to noise or to the slightest distortion of the object.
This is the reason for  the large variance , c~~. As a result of this
observation , R4 was not computed for the cub e and cylinder. In
addi t ion , the fea tures  and R

3 
are nearly zero in all cases except

_______________ 
~~ - — - . - -~~~~~-~~~~~~~~• . •



the cone.  R1 was the only moment found to be effective in measuring

the dependency on aspect angle.

The quantit~: k refers to the number of feature vectors that

are needed to characterize the object . This was calculated from

the following algorithm .

1. Set k=l , Feat (j,l)=0 for j=l ,2 ,3 , 14 .

2. Compute R . for j=l,2 ,3 , 14 .

3. If IR 1—Feat(l,i) I+jR 2—Feat(2,i )I+ lR 3
—Feat(3,i )I -~- I R 14— Feat(14,I)1

~R 11 + l R 2 I + ) R 3 I + R 14 l ( 114)

a for any i=1,2. .k then go to 2, otherwise proceed .

14 . Set k=k+1, Feat(j,k) = R . for j=l ,2 ,3, 14 .

5. If all the orientations of the object have been considered

then go to 6, otherwise go to 2.

6. Replace k by k—i.

In Table 1, a was chosen to be 0.05. Although there is no

correlation between (114 ) and the error associated with a pattern

classifier , it is still useful for comparisons between objects .

There is a considerable degree of similarity between the statistics
of the features which implies that views of one object can be derived

from a linear transformation of the view of another object. On the

surface this looks discouraging but may actually prove to be of some

value as d iscussed  in the  sec t ion  on future research.

V
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I n v e s t i g a t i o n  of A i r c r a f t  shapes

Initially, the entire aircraft shown in figure Al was rotated

through the si~ nificant range of angles in order to ca l cu l a t e  the
moments R1 through R14 using program three in the appendix. Thi~
resulted in a large computational load and partial results ind~~ atei

that the moments were widely different for nearly all aspect an es.

Instead , the aircraft was partitioned into three  reg ion s: the wi n~~,
fu:ela~~ :~r:d tail as defined by the imi~ e coordinates in the ~~~~~~~~~

Each region of the aircraft was rotated through the si~-’nif~icar,t

range of angles and 
~~ 

through R 14 were calculated. The results are

summarized in Table 2.

Again , moments  F2 and R 3 are near ly  zero for all o r i en ta t ions
of the o b j e c t .  For the ta i l  sec t ion , the var iances  of the  moments
are the smallest implying a relaxed dependency upon aspect angle.

Also , the moments for the wing and fuselage are nearly the same in

the case of F1 and the large variance on F14 in both cases leads one

to conclude that these two regions would be difficult to separate

in a pattern classifier with these moments as features . Evidently,

the tail section would be the most useful for classifying aircraft

type.

Summary

The use of moments  which  are invar iant  to a l inear  t r a n s f o r m a t i o n
were investigated for various objects and for various regions of an
aircraft . Examinin~ the statistics of the moments it appears that

it would be d i f f i c u l t  to c l a s s i f y  cer ta in  o b j e c t s  us ing  these  moments
as fea tu res  because  of the i r  s t a t i s t i c a l  s i m i l a r i t y .  On the  other
hand , the  a i r c r a f t  exper iments  seem to i n d i c a t e  tha t  cer ta in  regions
of the  a i r c r a f t  could be more eas i ly  c l a s s i f i e d  than others .
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Su~~ estions for Future W : r k

The original purpose of this work w:t~ to minimize the number of

feature sets required to characterize an object , or a region of’ the
objec t , w i th  the  int ention that  th i s  reduced fe a t u r e  set cou 1~ thor.
be used for discri :~1inating between classes of objects. It seems

apparent from the results that many views of an object are just

linear transformations of another view of the object and so moments

can be used wh i c h  r e su l t  in a reduced feature set i.e. the aspect

aa •~Lo J c p -  J~ u~y has been rolaxeJ. However , ex os~in ia~ t he  va ues
of R1, R2, F3 

and R L~ 
it is also apparent that they won ’t be able

to seasrate classes with any si F~nificant degree of accuracy. On the

other hand , there is an important conclusion which can be drawn

from these data which is essentially a summary of the contribution

of this investigation subject to further experimentation.

The computation of F1 through F14 seems to illustrate that (not

only are many views of an object just linear transformations of

another view of the object but that ) a view of one object can be

derived from a linear transformation of the view of another object.

This is seen from the similarity between the statistics of R1 through

R14 for different objects. This su~ pests that some regions are

likely to cause problems in a pattern classifier if features are

extracted from a silhouette that includes this region. Consequently,

such objects or regions with statistically similar moments(which are

invariant to a linear transformation) constitute ambiguous shapes.

In the context of pattern recognition , the features derived f~om

these amb guous shapes occur near the sub—space boundaries and

cause problems in a pattern recognition algorithm . As a result ,
shape al~ orithms are then , by definition , a collection of ad hoc

rules needed to correct erroneous judgements caused by these so

ca lled  u i f t i cu l t  cases.  This concept  is similar to that taken by

Blesser~ and Shlllman ( 7 , 8) in their theory of character recognition

in which ;tmbiguou sly shaped characters formed the basis for their

theory . ‘.‘Jith this concept of an ambiguous  shape in mind it seems

L • 
_ _ _ _
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tha t  f u rt h e r  i nves t iga t ions  with region analysis techniques (19)
w o u l d  d e t e r m i n e  whether they can aid in ident i f y i n g  these  ambiguous
shapes . Also , it has been established in a number of cases in

charac ter  r ecogn i t i on  that  techniques  such as polygonal  approximat ion

~ r ’eat 1y reduce the influence of noise on the classification error (19),
a problem which is significant when using moment invariants.

Actually what is needed in this area is a theory of shape based

on human perception. The problem with any shape description lies

in the fact that there exist ambiguous shapes. For example , how

much shape distortion is permitted before a round shape becomes

an oval shape? Indeed , it is these ambiguous shapes which show up

as difficult cases in a pattern recognition algorithm . Consequently,

the argument presented here is based on ambiguous shapes rather than

archetyped shapes . Because objects differ markedly from the “norm ”
shape , a computer algorithm should measure the distance between the
unknown shape and the boundary , rather than between the unknown and

the norm shape. In effect , the boundary between classes is represented

by ambiguous shapes. The problem here , is to find that boundary .

To do so, a specific knowledge about human classific~ition of shapes

must first be obtained.

A knowledge about human classification of shapes can be found

through psychological experimentation. First , define three classes

of attributes that ~n image might have ( 7 , 8) :  physical attributes ,
perceptual attributes and f u n c t io n a l  a t t r i b u t e s .  Phys ica l  a t t r i b u t e s
are the parts of the image usually described in geometric or

topological terms e.g. line , angles , areas , perimeters etc. Pirceptual

attributes are the qualities which are perceived , -for example , two

lines may be perceived as being equal even though they are physically

unequal. Functional attributes provide the description of the image
e.g. does a human subject classify the subject as being round or
oval?

Consider the attribute height equals width (HEW) which might

be used to c l a s s i f y  an image as round or oval .  The s t a t e  of the
phys ica l  a t t~~iu u t e  is determined by a phys ica l  measurement  wh ich

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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mathematically answers the question , does height equal width? The

state of the perceptual attribute is determined by experimentally

answering the question , do you see height equal to width? The state

of the functional attribute can only be determined by answering,

is the image round or oval? For example , a truly circular image

possesses HEW in all three cases: it Is physically present ,
perceived as being present and also functions as being present

since such an image would be labelled as round . Introducing a

slight distortion in the circularity of the image (which would

cause drastic changes in the moment invarlants) , the height is not

equal to the width so the physical attribute is not present . ‘ine

perceptual attribute is present since they would be perceived as

being equal and the functional attribute would be present since

a human would label such an image as round. Introducing still more

distortion in the circle so that it begins to approach an oval , the

physical attribute is not present , the height is perceived as being
unequal to the width , but yet it is unclear as to whether or not

the HEW is functionally present since the image cannot be labelled

either round or oval with any high degree of confidence. The image

is therefore an ambiguous image due to the transitional state of the

functional attribute HEW . When the image is clearly oval , all three

attributes are not present and the image would be labelled as oval .
The problem now is to find the mapping between the physical attributes

and the functional attributes called Physical to Functional

Rules (PFRs), ( 7 , 8 ) .
The PFR for this example would involve finding a and b such

that

b <  H < a Found
W

H > a ova l
W

H < b oval

Thillman {7, 8} has developed several experimental methods for
f ind ing  ambiguous char ac te r s.  In our cas e, the ambiguous image
and hence the PFR can be found through labeling experiments , reaction
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time experiments or goodness experiments.

In la b el i n~ experiments , subjects would label shapes along

trajectories which go from one s hap e  subspace to another. The

b o u n d a ry  would  t h e n  be identified as the shape or series of shapes
w h ich  are assigned the two shape labels with equal probability .

In reac t ion  t ime expe r imen t s , t h e  amount of t ime  requi red  to
label a shape can be measured. N-:ar the boundary , subjects spend

a greater than average amount of time identify ing certain stimuli

{7,8}. So reac t ion  t ime is another technique for determining inter—
s ha r e  boundary locations.

Goodness experiments are based on the concept of fuzzy sets.

Subjects would be asked to rate each stimulus , using the integers

0—5, indicating how good a representation the stimulus is, for say,

round or oval. It is argued that these concepts and experiments

can be used successfully to develop a theory for describing shape.

These techniques can also contribut e to developing a theory

for recognizing images i.e. separating an image from the background.

Numerous edge detection algorithm exist , but non e are bas ed on
human perception. Threshold selection techniques have been used

as a basic tool in image ~ gmentat ion, but little work has been

done on the problem of evaluating a threshold of an image . Some

authors  evaluate  thresholds  based on a busyness  cr i ter ion and a
descrepancy criterion. However , what proof is there that these

two criteria have any significance in terms of human pcrception?

The concepts presented here could easily develop into a theory

for thresholding image boundaries.

In a similar sense , humans have the ability to recognize and

classify objects in the prescence of noise. Noisy images have

caused tremendous problems in pattern recognition based system .

However , the experiments described earlier could just as easily

have been carried out with noisy images . Subjects , can be shown

a trajectory of computer processed shapes that have been corrupted

by no ise .  Label ing  experiment s would then automatically aid in
classifying the noisy shape. This would then lead to the selection

of a and ~ in the noisy case.

Another major advantage of the procedure described here is

that it lends itself to the desi gn of a decision tree classifier.

“ -  

_ _  



_____________________________________________ ‘
~~
‘
~~~~~~ ~~~~~~~~

‘
~~~~~~~~~~

-
~~~

—- - - -
~~~~~~~

-
~~~~~~~

--—--

13

Findiri~ a and b amounts to finding a threshold at a decision point
in the tree.

In this section it has been argued that theories for image
recognition and description can be developed based on human
perception. The net result would remove the ad hoc approach that
presen t ly  dominates  th is  area .

‘I

I ~~JI i~~~ _ _ _ _ _
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Table 1

Object Sphere Cub e Cylinder Cone

2.193 1.0141 1.109 0.1482

cY~ 1.95 10~~ 0 .015 0 . 0 6 8  9 .16 l0~~

H -1.28 l0~~ 0 . 0 0 0  8 .2 4 l0~~ —1.9 2 l0~~
3.75 0.000 2.23 lO

_10 
1.87 l0~~

H
3 

-2.11 l0~~ 0.000 5.5 10~~ -0.0i~~

2.37 0.000 1.014 ~o
_ 6 

6 . 8 6  l0~~

1.292 - - 1.761

014 8.961 - - 7.801

k 1 6 7 38

- ._-._- 

~
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Table 2

Region Wing Tail Fuselage

l.1~4 0 .8 3 14 1.27

0 . 2 1 4  0 . 0 56  0 .35

R2 - 14.55  l0~~ -14.95 10~~ -8.98 l0~~

8.29 l0~~ 8.47 10~~ 2 .69 io _ 6

H
3 

-7.32 l0~~ -14.1 10~~ -3.06 io
_2

2 . 9 14  10~~ 2. 03 l0~~ 1.12 10~~

H4 15.6 1.96 107.00

266.0 6.09 1.76

‘V
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Appendix 1

This appendix contains the programs and image coordinates used

to calculate the moments R~ for j=l ,2 . . 1 4 .
The first program calculates the moments for the sphere des-

cribed in a previous section as well as the mean and variance of

these moments. With minor modifications the program was also used

to ~alculate moments for a cub e, cylinder and cone.

Program 2 was used to rotate various regions of the aircraft

shapes shown in figure Al through the significant range of angles

while calculating the moments from the solid silhouette. The last

statement in the program determines what data files are used and

hence what region is under investigation. The data files of the

image coordinates are in the latter part of the appendix.

Next is figure Al which contains the ortogonal views of a

typical aircraft . The boundaries of these views were discretized

to form the  data f i les  of Image coordinates .
Program 3 was used to rotate the entire aircraft and to calculate

the moment s of the solid silhpuette. This program includes boundary

tracing algorithms which had to be written to circumvent the complex—

ities associated with certain regions of the orthogonal views e.g.

concavities. Options are also Included for working with the solid
silhouette or just the boundary of the silhouette in the uv plane.

A smoothing algorithm is also provided to smooth the boundary before

calculating the moments.

Data set 1 conta ins  the  image coordinates  obta ined from the
views of the a i r c ra f t  in f i gure Al .  The x axis corresponds to the H

roll axis with t he n ose in the positive x direction. The y axis

corresponds to the pitch axis of the aircraft with the left wing on

the  pos i t ive  y ax i s .  The z axis is the  yaw axis  w i th  the  t a i l  on
the  pos i t ive  z a x i s .  

—~~~~~~~~~~~~~~~~~ _ - - .~~~ -~~~~~~~~ ‘- - - - -  - -—~~~~~~~ -“ - -
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Data sets 2 ,3 and 4 are the  image boundary coordinates  used
for the regions of the airplane designated as wing (2), fuselage ( 3 )
and ta i l  ( 1 4 ) .

‘V

_ _ _ _  ~_ 1 
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Program

DIMENSION XY(100,100),FEAT(14 ,100),XMEAN(14),vAR (L1),FT(14,200)
C

DELTAX~.5ALPHA~.05DEG INC~ 10.
ND EG~ 360 . /DEG INC
DEGINC~DEGIUC*2. *3 14159/360.

C
C

HNXYZ~ 10.
NPTS~ 140
HNPTS~HPTS/2H XYZS~ii!4XYZ*~2
INC~10STEP~ DELTAX* *2NXYZ~2*(HNXYZ_INC*STEP)/DELTAX+2. *INC+2
IDIFF~HXYZ—INCSTART~—HUXYZ-STEP

C
DO 50 I~1 ,4
X ME AN (I )~ 0.

VAR ( I )~ 0.
50 FEAT (I,1)~0.K 195~O

K~ 1
C

FSI~O.THETA~-..DEGINC— 3. 14159* .5
CSPS~COS(PSI)
SI4PS~SItI(PSI)

C
DO 800 K2~ 1 , 19
THETA~ThETA+DEGINC
PHI~—DEGINC - 

- - - -

CSTft COS(THETA)
Sl’lTh~SIN(THETA) ‘V
C1~CSTH*CSPS

C
DO 800 K3z 1 , 1O
Pill ~PiII+DEGINCCSPH~CO3(Pl-1I)SNPFl~GIti (PHI)

C
C2~SNTU*SUpU_CSTl ~* p ~*C5p~
C3zCST! l*s ps*S~Jp}j÷swn 1~’CSP} ICLI~CSPS*cSPH
C5=CSPS*SNPFI

C
DO 10 I4~ 1 ,UPTS
DO 10 I5~ 1 ,NPT S

10 XY (IJ4 ,I5)~0.C

• -
~~—,-,- ---, -~~ -—- •- - --
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C
X~START
DO 600 I~1 ,NXYZ
IF (I .LT .IN C.OR.I .GT. IDIF F ) GO TO 601
X~ X+DEL TAX
GO TO 602

601 X~X+STEP602 Y~START
xx~x*x,‘,r~ Cr~r, 1 ’.’~~.- —,
L&l OLiU

IF(J.LT.INC.OR.J.GT ,.IDIFE’) GO TO 603
Y=Y+DEL TA X
GO TO 604

603 Y~Y+STEP604 Z:START
YY~Y*Y
DO 600 K7~ 1 ,NXYZ
IF(K7.LT.I~C.OR.K7.GT.IDIFF) GO TO 605ZzZ+DELTAX
GO TO 606

605 ZZZ+STEP
606 CONTINUE

IF(XX÷YY 4~Z*Z.GT.HNXyZS) GO TO 600
C

XP~C1 *X÷C2*y÷~3*~4jjJp~5
YP~SNPS*X÷C4*Y_C5*Z+HNpT5
Ii zXP
I2~YP
XP 1:11
YP1~ I2
IF(XP—XP1.GT.O.5) 11=11+1
IF(YP—Yp1.GT.o.5) I2~I2+1

C
XY(I1 ,I2)~ 1.

bOO COUTI~ UE ‘V

C
C COMPUTE MOMEN TS
C

U~O.
UM 1 O~ 0.UM 0 1~ O.

C
DO 700 I1~~1 ,NPT S
DO 700 12 1 ,NP TS
IF(XY(I1 ,12).EQ.O.) GO TO 700
U~U+1 .
UM1OZUN1O_I1÷f-flJpTS
U M O 1ZU M O 1+ 12_ }f?JPT S

700 CO~TIuUE



r 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

22

C
XI3AR~ UM 10/U
YBA R~ UM 0 1/U

C
AA O.
BB~O.
CC zO .
A~ 0.
8~O.
C=0.
D~0.

C
D~ 75C I1~ 1 ,.~P~H
DO 750 12=1 ,NPT S
IF(ABS ( XY (I1 , 12)) .LT. . 1)  GO ID 750
TEMPX ~—I1+HNPTS-XBARTEMPY ~ 12—UN PTS—YBARTEMP 1 ~TEMPX ** 2
AA ~AA+TEMP 1

C
BB~ BB+TEMPX*TEMPYTEMP 2~(TEMPY )**2
CC~ CC+TEMP2

C
A~A+(TEMPX)*TEMP 1
B~B+ ( TEMPY ) *TEMP 1
C~C+(TEMPX) ~TEMP2

D~D+(TEMPY ) *TEMP2
750 COM TIU UE

C
U2~ U~ UU3~U2*U

C
R 1=(AA*CC _ BB*BB )/U 3
R2~ ( ( A *D_B*C ) **2)_ 14.’*(A ~C_B *B)*( B *D_ C*C)
R2~~2/(U3*U2*U2)
R3zAA*(B*D_C*C)_B13*(A*D_B*C)+CC*(A*C_B*B)
R3~R3/(U3*U2)
TEMP=2. *BB*BB...AA*CC
AI3C~AA*I3B*CC
CC2~CC*CC
CC3~CC2*CC
AA2~AA *AA
AA 3~ M2 *AA

C
RI4~t~*A*Cc3_5 . *p~*B*BB*CC246 .R4~ R4 +A*D *(6 . *Af3C_ 8 . *BB*1313*E313)+9 .*B*B*AA *CC2_ 18. *B*C*ABC

C
R4~ F~4-s.6. *B *D*AA*TEF .1p+9 *C*C*J~J~2*CC
R14 RZ I_ 6 .
RL 4~ RLI/ (U 3*U 2*u 2 )

L • _ • ~~~~~~~~~~~~~~~~~~~~ :;•• 
•
~~~~~~~~~~~~~~~~

• •

~~~~~
, - 

_ _ _



— -~~~ - 
-_ - -

,
_

23 

1

K195~K 195+ 1
FT( 1 ,K 195) R 1
FT(2 ,K195)~ R2
FT(3,K195)~ R3
FT ( LI ,K1 95)~ R 14

C
C

TOT~ABS ( R i  ) ÷ABS C R2 ) +ABS C R3) +ABS ( R4)
DO 776 K9z1 , K

C
IF ( ( AB S ( R 1—FEAT ( 1 ,K9 ) )+ABs ( R2— FE A T (2 ,K 9)) +AB S(R 3_ FE AT ( 3, K 9 ) ) +

1ABS(RL4_FEAT(L1 ,K9)))/TOT.LT.ALPHA) GO ID 790
776 CONTINUE

K~K+1FE AT ( 1 ,K)~ R 1
FEA T (2 ,K)~ R2
FEAT (3 , K ) ~R3
FEAT (4 , K )~ R4

790 WRI TE (6 ,200) R1 ,R2,R3,R14 ,K.THETA ,PSI,PHI
200 FOR MA T(E 10. 3 , 2x ,E 10.3 , 2x ,E1O. 3 , 2X ,El o . 3 , I5 ,3F10 .4)
800 CONTINUE

C
C COMPUTE THE MEAN AND VARIANCE OF THE FEATURES
C

DO 810 I~ 1 ,K195
DO 810 J~ 1 ,LI

810 XNE A U (J ) :X M EA N ( J ) +F T ( J , I)
DO 820 J~ 1 ,Lt

820 XNEArI (J)~XNEAN (J)/K195
DO 830 I~ i ,K 195
DO ~30 J~ i , LI

830 VAR (J)~VAR(J)+ (FT(J,i)_xMEAN(J))**2
DO 8’40 I~ 1 , 4

840 VAR(I)~vAR(I )/(Ki95—1)WRITE (6 ,200) (XNEAU (K),K~ 1 ,14)
WRI T E (6 ,200) ( VA R ( K ) , K~ i , Ll )

C
STOP
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Program 2

DIMENSION XXY(8O,80),FEAT (14 ,100),XY(200,2),Xz(200,2),
lIZ (200 , 2) , XMEAN ( 14) , VAR ( LI) , FT (4 , 200)

C
SCF- .5

C
C READ NUMBER OF BOUN DARY POINTS
C

READ(5 ,35) NBX Y
35 FORMAT( 13)

C
DO 40 I:i,NBXY
READ(5 .U5) XY(I.1),XY(I.2)

XY (I , 1)z SCF*XY (I , 1)
XY (I ,2)~ SCF*XY(I ,2)

140 CONTINUE
45 FORMAT (F5.O,F8.O)

C
READ ( 5 ,35 ) NBXZ
DO 41 1 i ,NBXZ
READ (5 , 145) XZ ( I , 1) , XZ ( I ,2)
XZ(I, 1)~SCF~Xz(I, 1)
XZ(I,2)~SCF*XZ(I,2)

141 CONTINUE
C

READ ( 5 ,35 ) NBYZ
DO 112 I~ i ,NBYZ
READ(5, 145) YZ(I,1),YZ (I,2)
YZ (I, 1):SCF*YZ(I, 1)
YZ(I,2):SCF~YZ (I,2)

42 CONTINUE
C
C

ALPHA : . 05
DEGINC:10.
DEGINC:DEGINC~3. 114 159/180.
DO 50 1:1,14
XMEAN ( I ) :O.  ‘V

VAR (I):O.
50 FEAT(I , 1)=O .

K:1
1<195:0

C
P31:0.
TiIETA:—DEGIIIC—3. 114159/2.
CSPS:COS( PSI)
SIIPS:SIIJ(P I)
EVW:80.
FV WD2 :— FVW/2.
!‘I:80

IftI PT S:RU/2.
CELTA:FV~/iN

~~~~~~~~~
-• 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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C 25C SEARCH FOR MAX AND Nfl-I VALUES OF Z
C

ZMAX :FVWD2
ZN IN: —Z MA X
XMAX : ZMAX
XN IN: ZM IN
YNAX : ZMAX
YMI N: ZMIN
DC 10 I :i ,NBX Z
TESTZ :XZ(I ,2)
TESTX:XZ(I, 1)
IF(TESTZ .GT. ZMAX) ZMAX:TESTZ
IF(TESTZ.LT.ZMIN) ZMIN:TESTZ
IF(TESTX.GT.XMAX) XNAX:TESTX
IF(TESTX.LT.XMIN) XMIN:TESTX

10 CONTINUE
M:~~3~~~AX— Z~’~~i )/DELTA+ 1 .
~1M A85 ( XMAX—XMIN ) /DELTA÷ 1.

C
DO 15 I:l ,NBXY
TESTY:XY(I,2)
IF(TESTY .GT.YHAX) YMAX TESTY
IF(TESTY.LT.YMIN) YMIN:TESTY

15 CONTIN UE
MMM : ABS (YMAX—YM IN ) /DELTA-4- 1.

C
C

WRITE (6 ,2i1) NBXY,NBX Z ,NBYZ ,N
211 FORMAT(2X ,’NBXY:’,15,’NBXZ:’,15,’NBYZ:’,I5 ,’ARRAY SIZE:’,15)

C
DO 800 1<2:1 , 19
THETA:THETA+DEG INC
PHI~ —DEG IN C
CSTH:COS( THETA )
SNTH:SIN (THETA)
Ci:

C
DO 800 1<3:1 , 10
PHI :PHI+DEG INC
CSPN:COS(PIII)
SUPU :S 1tt(PHI ) 

‘VC
C2:SNTI I*SNPII_CSTH*SNPS*CSPII
C3:CSTI 1*SNPS*SN PI1+SNT[I*CSPH
C4:CSPS*CSPI I
C5: CSPS~SNPH

C
DO 5 1:1,11
DO 5 J:1 ,U

5 XXY(I ,J):O.
C

Z:Z’~IU—DELTADO 600 I:1 ,~!
Z :Z+DE LTA
Y:YM I tI —DELTA
DO 600 II :1 ,i M M
y :y+DEL TA

DO 600 III:1 ,NM
X :X+L EL TA
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C
C CHECK TIlE SILHOUE TTE IN THE XI PLANE 26C

L1:O
L2: 0
LLI :0
L5 :0
DO 330 I1:1 ,NBXY
IF(ARS(XY(I1 ,l)—X).GT.O.OOI) GO TO 329
TEMPzXY(I1 ,2)
IF(Y.GE.TENP ) L1:i
IF(Y.LE.TEMP) L2:1
L3:L1+L2

329 CONTINUE
IF(ABS(XY(I1 ,2)—Y).GT.O.O0l) GO TO 331
TEMP:XY(Il ,l)
IF(X.GE.TEMP ) L14:1
IF’X.Lt .TEMP) L5:1
Lô:L”++L5

331 IF(L3.EQ.2.AIID.L6.EQ.2) GO TO 335
330 CONTINUE

GO TO 600
335 CONTINUE

C CHECK THE SILHOUETT E IN THE YZ PLAN E
L1:O
L2: 0
LLI :O
L5 :0
DO 1430 I1:1 ,NB YZ
IF(AB S ( YZ (I 1 , 1)— Y ) .GT.O.OO1 )  GO TO 1129
TEMP:YZ(I1 ,2)
IF(Z.GE.TEMP ) L1:1
IF(Z.LE.TEMP) L2:1
L3:Ll-i-L2

1429 CONTINUE
IF(AF3S(YZ(I1,2)—Z).GT.O.oOl) GO TO ~431TEMP:YZ(I1 ,1)
IF(Y.GE.TEMP )LLI:1
IF(Y.LE.TEMP)L5:1
L6:LLI-s.L5

1131 IF(L3.EQ.2.AND.L6.EQ.2) GO TO 435
~43O CONTINUE

GO TO 600
C CHE CK THE XZ PLANE
1435 L1:O

L2 :0
L14 :0
L5 :0
DO 11110 I1:1 ,NB XZ
IF(ARS(XZ (I1 ,i)—X).GT.O.OO1) GO TO 1439
ThNI’ :X Z ( i l  ,�~)
IE(Z.GE.TEMP ) L1:i
IF(Z.LE.TEMP) L2:1
L3:L1+L2

1139 CONTINUE
IF(A133(XZ(Ii .2)—z).GT.O.001) GO TO 14141
TE <P:XZ ( I1  . 1)
IF(X.GE.TEVP ) L4:i
IF(X.LE.TE;.lp) L5~ l
L6:LLI+L5

1441 IF (L3.EQ.2.AuD.L6 .EQ.2) GO TO 111
~44O CON TINU E
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C
CC) TO 600

C
C

14 XP:_ (C1*X+C2*Y+C3*Z)+HNpT5
yp:SNPS*X+C4*y_C5*Z÷}INPTS
Ii: XP
12:YP

C
XXY (I1 ,12):i.

C
C
600 CONTINUE

C
C COMPUTE MOMENTS
C

U:O.
UII1 O :O .
UMO1 :O.

C
DO 771 I1:i ,N
DO 771 12:i,N
IF(ABS(XXY(Il .12)).LT.O.ol) GO TO 771
UU+ 1.
0111 O U M  10—Il +HNPTS
UMOi:UMO1+12—HNPTS

771 CONTINUE
C

XBAR:UM1O/U
YBAR :UMO 1/U

C
AA:0.
BB:0.
CC:0.
A:0.
3:0.
C:0.
D:0.

C
DO 750 I1:i ,N
DO 750 12:1 ,11
IF(ABS(XXY(I1 ,12)).LT.O.Oi) GO TO 750
TEMPX :—I 1+HNPTS—XBA R
TEMPY: I2—f-INPTS—YRAR
TEMP 1 :TErIPX**2
AA :AA+TEMP I

C
BE3:BB+TEMPX~TEMPY
TENP2:TEMPY* *2
CC CC+TEMP2

C
A:A÷TEMPX*TEMP 1
B:F3+TEI.py*TE?IP1
C:C+TEMPX*TEMP2
D:D.s.TEMPY*TEMP2

750 CONTINUE

• • - 

•
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C
U2:U*U

• U3:U2*U
C

• R 1:(AA*CC_BB*BB)/U3
R2 ((A~D_B*C)**2)_LI. *(A*C..B*B)*(B*f~ C*C)
R2 R2/(U3*U2*U2)
R3:AA*(B*D_C*C )_BB* (A*D_B~C)+CC* (A*C_B*B)
R3 R3/(U3*U2) -

TENP :2. *BB *E36_AA*CC
ABC: A5SE~CC
CC2:CC*CC
CC3:CC2*CC
AA2 :AA*AA
AA3 :AA2*AA

C
R4:A*A*CC3_6. *A*B*BB*CC2+6 *A*C*CC*TEMP
R14:RLI+A*D*(6.*ABC_8. *Bj3*B~*~3)~9 *B*5*pJ~*CC2_18. *B*C*ABCC
RLI RLI+6. *B*D*AA *TE~.1P+9 *C*C*p~2*cCR11 R14_6 . *C*D*BB*AA2+D*D*AA3
RLI:R)4/(U3*U2*U2)

C
1<195 :1<195+1
FTC 1 ,K 195) :R 1
FT (2 , 1< 195 ) J~2FT(3, K195):R3
FT( 11,K 195) :R 11
TOT :ABS(R 1 )+ABS (R2 )+ABS (R3) .e~P .B3(RLi )
DO 776 1<9:1,1<
IF((ABS(Ri—FEAT( 1 ,K9))+Ar3s(R2—FEAT(2,K9))+ABS (R3—FEAT(3,K9))+

1ABS(RLI_FEAT(LI ,K9)))/TOT.LT.ALPHA ) GO TO 790
776 CONTINUE

• C

‘V
FEAT(l ,K):R1
FEAT(2,K):R2
FEAT (3, K):R3

FEAT(~4 ,K) RII
C

790 WRI TE (6 ,200) R1 ,R2,R3,RLI ,K ,THETA ,PSI,P III
200 FORMAT(E1O.3,2X,ElO.3,2X,Ei0.3,2X,E1O.3,15,3F10.Ll)
800 CONTINUE
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C
C COMPUTE THE MEAN AND VARIAN CE OF FEATURE S
C

DO 810 1:1,1< 195
DO 810 J:1,Z4

810 XMEAH (J):XMEAN (J)+FT(J,I)
DO 820 J l ,LI

820 XMEAN (J):XMEAN (J)/K195
DO 830 1:1,1< 195
DO 830 J:1,LI

830 VAR(J):VAR(J)+(FT(J ,I)_.XMEAN(J))**2
DO 8140 I 1 ,11

814 0 VAR(I ) :V AR ( I ) / C<19 5— 1)
WRI TE (6,200) (XMEAN (K),K:l,4)
WHI TE (6,200) (VAR(K),K=1 ,11)

C
500 STOP

END
/DATA
/IrICLUDE FUSEXY , FUSEXZ , FUSEYZ

‘V

- 
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Program 3

DIMENSION AXY ( 100, 100),FEAT (4 , 100),B8(8),XY(J400,2),XZ(L100 ,2),
lIZ C 1100 , 2) , XYS( 1100 ,2)

C
C IFLAG .NE. 1 PRINTS OUT THE SOLID SILHOUETTE
C JFLAG .ME. 1 SMOOTHS THE BOUNDARY
C KFLAG .ME. 1 PRINTS OUT THE SILHOUETTE BOUNDARY
C

IFLAG 1
JFLAG 1
KFLAG: 1
SCF:.5

C
C READ NUMBER OF BOUNDARY POINTS
C

READ (5 ,35 ) NBXY
35 FORMAT (I3)

C
DO 110 I:1,NBXY
READ ( 5 ,L15) XY (I , 1) , XY (I ,2)

XY(I ,1):SCF*XY(I,1)
XYS(I ,1):XYCI,1)
XY(I,2):SCF*XY(I,2)
XYS(I,2):XY (I,2)

40 CONTINUE
145 FORMAT(F5.O,F8.0)

C
BEAD (5 ,35 ) NBX Z
DO 41 I:1,NBXZ
READ (5 , 145) X Z ( I , 1), XZ ( I ,2)
XZ (I , 1):SCF*XZ(I,1)
XZ (I ,2):SCF*XZ(I,2)

4 1 CONTINUE
C

READ (5 ,35) NBY Z
DO 142 I:1,NBY Z
READ (5 ,145) YZ(I,1),YZ (I ,2)
YZ(I ,1):SCF*YZ(I,l)
YZ (I ,2):SCF*YZ (I,2)

-• 
142 CONTINUE

C
C

ALPHA: .05
DEC INC: 10.
II DEG : 360. /DEG I7I C
DEGIN C:DEG It IC*3. 114159/180.
DO 50 1:1,4

50 FE AT ( I , l) : O.
j<: l

C
P51:0.
TUETI ’t:_DEGI14C_3.114l59/2.
CSPS:COS ( PSI )
~ PIP~~— ç T P ~( P(~T \

— ~~
- - • •  —~~

- - .- •
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FVW:80.
FVWD2 —FVW/2.
N80
RN :11
IINPTS :RN/2.
DELTA FVW/RN

C
• C SEARCH FOR MAX AND MIN VALUES OF Z

C
ZNAX FVWD2
ZM IN :— ZMAX
DO 10 I:1,NBX Z
TESTZ:XZ(I,2)
IF(TESTZ.GT.ZMAX) ZMAX:TESTZ
IF(TESTZ.LT.ZMIN) ZMIN:TESTZ

10 CONTINUE
M :AB S(ZMAX— ZMIN )/DELTA +i .

C -

WRITE (6 ,211) NBXY,NBXZ ,NBY Z ,N
211 FORMAT(2X , ‘NBXY= ’ ,15 , ‘NBXZ:’ ,15 , ‘NBYZ:’ ,I5 , ‘ARRAY SIZE:’ ,15)

C
DO 800 1<2:1 ,19
THETA :THETA+DEGINC
PHI:—DEGINC
CSTH:COS( THETA)
SNTH:SIN(TIIETA)
C1:CSTH*CSPS

C H
DO 800 1<3:1 ,10
PHI :PHI-i-DEGINC
CSPII=COS(PHI)
SNPH:SIN (Pill )

C
C2:514Th*SNPH_CSTII*SNPS*CSPH
C3:CSTH*SNPS *SNPH+ SNTH*CSPH
C11:CSFS*CSPI-1 5- 

- 
-

C5:CSPS*SNPH
C

DO 5 I:1,N
DO 5 J:1,N

5 AXY (I , J ) : O .
C

DO 600 I:1,NBXY
X:XY(I,1)
IF(X.EQ.10000.) GO TO 600
J J : I + 1
Y I N I T :XY ( 1 , 2)
I F (X Y ( J J , 1) . E Q. 1 00 0 0.)  GO TO 615
DO 610 J:JJ ,NBXY
IF(X.EQ.XY(J ,1)) GO TO 620

610 CONTI N UE
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615 Y:YINIT
YFIN:YINIT
XY(I ,1):10000.
GO TO ~427

620 YFIN :XY(J ,2)
Y:YIN IT—DELTA
IF(YFIN.LT.YINIT) Y:YINIT.e-DELTA
XY (J , 1) 10000.

‘425 CONTINUE
IF (YF IN.E Q .YIN I T ) GO TO 600
IF(Y FIN.LT.YI Id T)  GO ID 1426
‘i’ :Y+~EL~~
IF (Y. GT.YFI N )  GO ID bOO
GO TO ~427

1426 Y:Y—DELTA
IF(Y.LT.YFIN) GO TO 600

1427 Z ZMIN—DELTA
DO 1450 K39: l ,M
Z:Z+DELTA

C CHECK THE SILH OUETTE IN THE YZ PLAN E
L1:0
L2: 0
DO 1130 I1:1 ,NBYZ
IF(ABS (YZ (I1 . i ) — Y ) .GT.O.O Oi )  GO TO 1430
TEMP:YZ(I1 ,2)
IF (Z.GE.TE MP ) L 1:1
IF(Z.LE.TEMP) L2:1
L3:L1-4-L2
IF(L3.EQ.2) GO ID 1435

~43O CONTINUE
GO TO ’450

C CHE CK THE XZ PLANE
14 35 L1:0

L2:0
DO 11140 1 1:1 , NBX 5-

Z 
- -

IF(ABS(XZ(I1 ,1)—X).GT.O.OO1) GO TO ‘4110 
‘VTEMP:XZ(I1 ,2)

IF (Z.GE.TEMP ) Li :1
IF (Z.LE.TEMP ) L2:1
L3 L1+L2
IF(L3.EQ.2) GO TO 1’4

4’40 CONTINUE
C

GO TO 1450
C

- ——5--. ——---— —5-— 5-- 5-—-— - ‘—-5-- —-.5-- -- -- —- _j____ ___ •• •— — • — —-—--5-5- --•
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C
111 XP:(C1*X+C2*y+C3*z)~Jj~p~3

YP:SNPS* X+C14*Y.-C5*Z+Hfl PTS
I1:XP
12:YP

C
AXY(Ii ,12):1.

C
C

450 CONTINUE
GO TO ‘425

600 CONTINU E
C
C COMPU TE -OME ~TS
C

0:0.
UM1C=0.
01101:0.

C
DO 77 1 I1:1,N
DO 771 12: 1 ,N
IF(AXY ( 11 ,I2 ) .EQ .O.. ) GO TO 771
U :U +i.
X:11—HNPTS
UM 10=UM1O+X
Y I 2
UMO1 =UMO1-s- y

771 CONTINUE
C

XBAR:U M1O /U
YBAR :UNO1/U

C
AA:O.
BB:O.
CC :0.
A:O.
B0.
C:0. ‘V
D:O. •

C
DO 750 11:1 ,!!
DO 750 12:1,14
I F ( A X Y ( I l ,12) . E Q . o . )  GO TO 750
X I 1—IINPTS
y :I2—I~flpT3
TEMPX:X—X13Afl
TEMPY :Y—YDAR
TEMP 1 :TEMPX **2
AA:AA÷TEMP1

C
BB :BD÷TEMP X*TENP Y
TEr P2:TEMPY**2
CC~ cc+ Tt :’~P2

• -——~~~~~~ - - : - ---- -•
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7
C

A :A+TE N PX*T EMP 1
B:B+TEMPY*TENP 1
C: C+TEMPX*TEMP2
D: D~i~TENP Y *TEMP2

750 CONTINUE
C

U2 :U*U
U3:U2*U

C
R i :  (AA *CC _ SB *BB)/U3
R 2 : ( (A *D_ B *C )**2 )_ 14 . * (A *C_B *3)*(B *D._ C *C )

R 2 :R 2 / ( U3 *U 2 *U2 )

R 3 :AA *(8*D_ C *C ) _BB* (A*D ._B*C )÷ CC* (A *C_B*B )
R3:R3/(U3*U2 )
TEMP:2. *B8*BB../~J~*CC
ABC:AA*BB*CC
CC2:CC*CC
AA2: ~~ *AA
AA3:AA2*AA

C
R14:A*A*CC3_6. *A*B*BB*CC2÷6 *A*C*CC*ThMp
R4:RLI+A~D*(6. *ABC_8 *B3*BB*B3)+9 *B*B*AA*CC2.,18 *B*c*Agc

C
R11 :W4+6. *B*D*AMTEMP+9 .
R 14 :R 11—6. *C*D*BB*AA2+D *D*AA3
RLI :1V4/ (U3 *U2*U2 )

C
TOT :AES(R 1 )+AB S(R2)-i-AB S(R3)+ABS ( RLI )
DO 776 1<9:1 ,1<
IF ( (A ES (R 1—FEAT ( l ,K9))+ABS ( R2—FE AT (2 ,K 9)) +ABS (R 3-FEAT (3 , K 9 ) ) +

1ABS(R ’4— FEA T( LI .K9))) /T OT.LT .ALPHA ) GO TO 790
776 CON TINUE

C
K: K+ 1
FEAT ( 1 ,K):R1
FEAT(2,K):R2
FEAT ( 3, K) :R3
FEAT (’4,K):R14

C
DO 788 I1:1 ,NBXY
XY(I1 ,i):XYS(I1 ,i)

788 XY ( I1 , 2) :XY S(I1 , 2)
C
790 WRITE (6,200) R1 ,R2 ,R 3 , RLI ,K ,TIIETA ,pSI ,pllI
200 FORt-IA T(E1O.3 ,2X .E1O.3 ,2X ,E1O.3 ,2X ,E10.3 ,I5,3FlO. LI)
800 CONTI N UE

C
TF (T F1 M. FO . 1~ r.n Tfl ~S1

_ _  _ ___ _ _  - -
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C
DO 60 I:l ,N

60 WRI TE ( 6 .200) (AXY ( I , J) , J:1.N )
61 CONTI N UE

C
IF(JFLAG.EQ.1) GO TO 701

C St~XJOTH THE BOUNDARY POINTS
NN :N—2

C
DO 700 I:l ,NN
DO 700 J:i ,NN
IF (AXY (I ,J ) .E Q .BLAN K ) GO TO 700
IF (AXY(I + 1 ,J) .EQ .SYMBO L ) GO TO 700
IF (AXY( I+ l ,J+1) .EQ .SYMBO L ) GO TO 700
IF (~ x Y i I , J÷ i ) .Eo . s ’!.:- E6c L) GO TO 700 

-
J1:0
J2:O
J3:O
J LI:O
J5:O
IF (AXY ( I+2 ,J) . EQ.SYMBOL) J1:1
IF(AXY(I+2 ,J+1).EQ.SYt-IBOL) J2:1
IF (AXY (I+2 , J+2) . EQ.SYMBOL ) J3:l
IF (AXY (I+ i ,J+2) .EQ .SYMBOL) J14:1
IF (AXY (I , J+2) .EQ.SYMBOL ) J5:1
JSUM:Ji +J2+J3+JLI+J5
IF(J3.EQ.1 .AND.J11.EQ.1) AXY(I-t-i ,J+l):SYNBOL
IF(J2.EQ.1.AND.J3.EQ.i) AXY(I+1,J+1):SYMBOL
IF(JSUM.EQ.O) GO TO 700
IF(JSUN.GT.1) GO TO 700
JUMP:J 1 * 1~i~J2*1+J3*2+JLI*2÷J5*3
GO TO (1 ,2,3),JUMP

1 AXY (I-i- i ,J):SYMBOL
GO TO 700

2 AXY ( I +1 ,J+i) :SYMBOL
GO TO 700

3 AXY(I .J.+i):SYMBOL - - •

700 CONTINUE
701 CON TINUE 

—

C FIND THE BOUNDARY •

IF(KFLAG.EQ.1) GO TO ‘401
DO 300 1:1,11
DO 300 J :l ,N
IF(AXY(I ,J).EQ.SYMBOL) GO TO 310

300 CONTINUE
C
C THE FIRST PIXEL HAS BEEN FOUND CII THE I3CUUDARY

310 XY(l ,1):I
XY (1 ,2):J
KSTART:2
J 1 : 1
KSK IP:O

~ 

- - - -- -~~~~~~~~~~~~~~~~~~~~~~~ --- - -5-
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C LOCK FORTIIE NEXT PIXEL ON THE BOUNDARY
295 J l : Ji+ 1

B8(1):AXY(I ,J— l)
68(2):AXY (I-i- i , J — 1)
88( 3): AX Y (I-+- 1 ,J )
B6 (4 ) :AXY ( I+1 .J+1)
B8(5):AXY(I , J+1)
B8 ( 6) :AX Y ( I—1 ,J -+-i )
B8 (7):AXY (I—1 .J) •

1

88(8):AXY(I—l,J— i )
C

DO 320 K~KSTAt~T ,3
IF (K .EQ. K SKIP ) GO TO 320
IF (E 8(K ) .EQ .SYND OL) GO TO 325

320 CONTINUE
KSTOP:KSTART— 1
DO 322 K:1 ,KSTOP
IF (K.EQ .K SKIP )  GO TO 322
IF(B8(K).EQ.SYMBOL) GO TO 325

322 CONTINUE
GO TO 350

C

325 KSTART:K+6
1<51<1 P :K-i- 14

IF ( KSTART . GT.8) KSTART:KSTART—8
IF(KSKIP.GT.8) KSKIP:KSKIP—8

C

GO TO (331 ,332,333,3314,335 ,336 ,337,338),K
331 XY(J1 ,l):I

XY(J1 ,2):J— i
GO TO 329

332 XY (J1 ,1):I+1
XY (J1 ,2):J— 1
GO T0 329

333 X Y ( Jl , i) : Ii- 1
XY(J i ,2):J ‘V
GO TO 329

3311 XY (,J 1 ,1):I-s- 1
XY ( J 1  ,2):J+i
GO TO 329

335 XY(J1 ,1 ):I
XY (Ji ,2):J+1
GO TO 329

336 XY (Jl ,1):I—i
XY (J1 ,2):J+1

GO TO 329

337 XY (Ji ,1):I—1
XY(J1 ,2):J
GO TO 329

338 XY(Jl ,l):I—1
XY ( J 1  ,2) : J — 1

k. ~:T:I :::• • _
~~_ -
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C
329 I :X Y ( Jl , 1)

J : X Y ( J 1 , 2)
IF (J i .GT. LIO O) CC) TO 1400
IF ( I .N E .xy ( 1, 1) )  GO TO 295
I F ( J . N E . X Y ( ~~~ ))  GO TO 295 -

1400 CONTINUE
‘401 CONTINUE

DO 410  I: l , N
DO ‘410 J:1,N

~4 1O AXY(I , J):RL AN K
DO 1420 I:1,Jl
I1:XY(I, 1)
12 :XY(I , 2)

1420 AXY(11 ,I2):SYMBOL
C

350 WRITE(6 .220) J1
220 FORMAT(2X ,15)

C
DO 51 I:1,N

5 1 WRITE (6 ,�Q1) (AXY(I ,J),J:i,N)
201 FORMAT(2X ,128A1)
500 STOP

END
/DA TA
/INCLUDE FGR71OXY ,FGR71OXZ ,FGR71OyZ ,DMBFILE

$
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Data Set 1 — xy plane

x x y x y x y x x
0. — 114 . 53. —2 . 5. 13. —18.  11 .  —3 7. —14. —22. — 15.
1.  ~~114 . 54. — 1 .  4.  13 .  — 1 8 .  10 .  - —37 . —5. — 23. —1 6.
2. ..1’4 55.  — 1 .  3. 114 . —17.  10. —38 . —6. —214 . —16 .
3. — 1 3 .  55. 0. 2. 14. —17.  9. —3 8. —7. —2 ’ . — 17 .
‘4 . —13.  54 . 1. 1. 15. —18. 8. —3 8. —8. —25 . —17.
5. —1 2. 53. 2. — 1 .  15. ..18. 7. —3 8. — 9 . —26 . — 18.
6. —1 2. 52. 2. —2. 16. — 18.  6. —3 8. — 10 . —27. — 18.
7. — 1 2. 51. 2. —3. 16. —17. 6. —38 . — 11. — 27. —19.
8. ...11. 50. 2~ —14. 16.  — 18.  5. —38 . — 12. —28 . —19.
~~ . ~ 

119. 2. —5. 17. — 19. 5. —38. — 13. —29. —20.
10. —10. ‘48. 3. —6. 17. — 20. 5. —3 8. ~ 114 . —30. —20.
11. —10. 47. 3. —7. 18. — 21. 5. — 38. —15. — 30. —21.
12. _ a . ‘46. 3. — 3. 18. —22 . 5. —37 . —15.  —31.  — 21.
13. —9. 145. 4 . —9. 19. —23 . 5. —36 . — 15. — 32. —22 .
111. —9. ‘44. 5. —10 . 19. —24 . 5. —3 5. — 15.  —3 2. —2 3 .
15. — 8. 143. ~4. — 11 . 20. —25. 5. 

- 

—3 14. —15. —32. —2 14.
16. —8. 43. 3. —12. 20. —26 . 5. —3 14. -.114 . —31 . —25 .
17. —8. 142. 3 . —1 3 .  21 .  —27 . 4. ~~~~ — 13. —3 0. —26 .
18. 7 4 1. 3. -.114 . 21.  —28 . 5. —33 . — 1 2. —29 . —26 .
19. —7. ‘40. 3. — 15. 21. —28 . 6. —32. —1 0. —28 . —26 .
20. —7 . 39- 3. .16 22. —29 . 7. —32 . — 11. — 27. — 25.
21. —6. 38. 3. —17. 22. —30 . 8. —31. —9. —26 . —25.
22. —6. 37- 3- —18.  22. —30 . 9. —30 . — 8. —25 . . 214 .
23. —6. 36. 3. — 1 9. 23. —31 . 10. —30 . —7. —2 11. -.214 .
211. —6. 35. 3. —~ü. 23. —3 2. 11. —29 . —6. —2 3 . —2 14 .
25. —5. 34. 3. 

- —21 . 211. —32 . 12. — 28. —5. —22. —23 .
26. —5 . 33. 14 —22 . 2~3 . —33 . 13. —28. — 14 . — 21. —23.
27. 5 32. 4. —23. 25. -.314 . 114 .  — 27. — 11 . —20. —22 .
28. —5. 31. 4. .~214 . 25. . 314 . 15. —26 . —14 . — 1 9 .  —22 .
29. —5. 30. ~4. —25 . 26. —35 . 16. — 25. — 4 . —18. —22 .
30. .~~ 29. 5. —26. 26. —36. 16. —214. —14. —1 (. —21.
3 1.  — 11 . 28. 5. —27 . 26. —37 . 16. — 23. — 14 . — 1 6. —2 1.
32. ~ 14 . 27. 5~ —28 . 27. 38. 16a 22. 5. 15. 21 .
33 _14 • 26. 5. —29 . 27. —38 . 15. — 21. —5. —1 4 . —1 9 .
3 11. — 14 . 25. 6. — 3 0. •26. —38 .- 114 . —20 . — 5 .  — 1 3 .  — 1 9 .
35 3 2 14. 6. 3~ , 25. —3 8. 13 . —19.  —5 . —12.  —1 8.
36. 3 23 . 6. —32. 23. —38 . 12. —18.  —5. — 1 1 .  ,18.
37 ..3 22. 6. —31 . 22. —38 . 11 .  —17.  —5. —10 . —17 .
38. — 3.  21.  7. — 3 0. 22. —37. 10. —1 ~J —~~~. —9. -17.
39 . ..3 20. 7. —29 . 21 . —37 . 9. — 19 .  - —6. —8. —17.
140 . —3 . 19.  7.  —28 . 20. —37 . 8. —1 9. —7 . —7 . — 17.
14 1. — 3. 18. 8. _

~~~~~~. ig. —37. 7. — 1 9 .  --8. — 6 .  — 1 7 .
‘42 . —3. 17. 8. —26. 19. —37 . 6. —1 8. — 8. —5. —1 6.
‘43. 3 16. 8. —25 . 18. —37 . 5 —17.  —8 . —4. —1 6.
43. — 4 . 15 .  9.  —24 . 17 .  .37 14 —17. — 9. —3. — 1 6.
1411. —5. 111 . 9- — 23. 17. —37 . 3. — 1 8. — s . —2 . —1 5.
145 _ Ll. 13. 9. —22 . 16. —37 . 2. —1 8. —1 0. —1 .  —15 -.
‘46. —3 . 12. 10. — 2 i .  15. —38 . 2. —18.  — 1 1 .
147 . — 3 . 11 .  10.  —20 . 1 5 .  —38 . 1 . — 1 7 .  — 1 2 .
‘48.  3 10. 10 .  — 1 9 .  15.  —3 8 . o. — 18. — 12.
~9. —2. 9. 11 . —18. 1’I . —38. — 1. — 19. — 13.
50. —2. 8. i~~ — 17. 13. —37 . — 1 .  —20 . — 13 .
5 1 .  —2. 7. 12. —17.  12. — 37 . — 2. — 21.  —1 ’4 .
52. —2. 6. 12. — 1 8. 12. —37 . —3. — 21. —15.  
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Dat-a Set 1 — yz plane 
‘ID

y z y z y z y z
0. — 3. 14. 3. —13. 8.~~ —21 . —2~~
1. — 3 .  3. 14~ —9. 8. —20. —2.
2. —3. 3. 5. —10.  8. —19.  — 2.
2. — 14 . 2 . 5. — 1 1 .  8. —18 . —2.
3. —14. 1. 5. —1 2. 8. —17.  —2.
14~ —5. 1 . 7. — 13. 8. 16. —2.
5. — 5. 2. 7. —14. 8. — 15. —2.
6. _5. 3. 7. — 15. 7. ~ 1LI . —2.
7 5 14 • 7 _ 114 . 7 ,  13. —2.
8. —4. 5. 7. — 13. -c . —12. —2.
9. _~~~~. 6. 7. — 12 .  7. — 1 1 . —2.
10. —5. 7. 7. — 11. 7. —10. —2.
ii. -.14. 8. 7. —10. 7. — 11. —3 .
11 .  —3. 9. 7. —9. 7. — 1 1 . _14 •

10. —2. 10. 7 . —8. 7. —1 0. —5.
11 .  —2. 11 .  7. — 7. 7. —9. —5.
12. —2. 12. 7. — 6. 7. —8. — 14 .
13 . —2. 13 . 7 . —5. 7. —7. — 5.
14. —2. iL l . 7. — 4. 7. — 6. — 5.
15. —2. 15. 7. —3. 7. —5. —5 .
16. —2. 14. 8. —2. 7. ..J4 5
17. —2. 13.  8. — 1. 7. —3. —11 .
18. —2. 12. 8. — 1 .  5. —2. ~~14

19. —2. 11 .  8. —2. 5. _ 2 .  — 3 .
20. —2. 10. 8. —3. s. —1. —3 .
21. —2. 9. 8. —3. ii. 

--

22. — 1 .  8. 8 . ...14 • ~
23. — 1 .  7. 8. —5 . 3.
24. — 1 .  6. 8. —b. 2.
25. — 1 .  5. 8 . — 7. 2.
26. — 1 .  14 . 8. —8 . 2.
27. — 1 .  3. 8. —9 . 2.
26. 1.  2. - 8. ~~- —~20. -2-. - -

• 25. 1. 1.  9. — 1 1 .  2.
24. 1. 1. 10. —12. 2. ‘V

23. 1. 1 .  11 .  —13.  2.
22. 1. 1. 12. — 1 4 .  2.
21.  2. 1. 13 .  — 1 5 .  2.
20. 2. 1.  113 . — 16 .  2. 

-

19. 2. 1. 1 5. —17.  2.
18. 2. 0. 15~. —18. 2.
17. 2. — 1. 15. —19. 2.
16. 2. — 1. iL l . —20 . 2.
15. 2. —1.  1 3. —21.  2.
iLl . 2. — 1 .  12. —22 . 1.
13. 2. — 1 .  11 .  — 2j .  1.
12. 2. — 1 .  10. —2 11. 1.
11 . 2. — 1 .  9. — 25. 1.
10. 2. —2. 8. —2 6. 1.
9. 2. —3. 8. —26. — 1 .
8. 2. — 4 .  8. —25. — 1.
7. 2. —5. 8. —2 4 . — 1 .
6. 2. — 6. 8. — 23. — 1 .

—7. 8. —22. — 1 .

_ _  
I

- . - — -• 5- • -
-•



-•--•- -5--—-—•—~~~~ -5----———-- - - - - - —•—---—--•- -•,- ..rr
Data Set 1 — xz plane 111

x z x z x z x z
0. — 5. — 35 . 9. 7. s. 52. —2.
— 1 .  _5 —35 . 10. 13. 5. 51.  —2.
—2. —5. —36. 11 .  9. 5. 50. —2.
—3. —5. —37. 12. 10. 5. 49. —2.
-.LI . — s . —37. 13. 11. 5. 1113. —3.
— 5 .  — 5 .  —37 . 1’4 . 12. 5 .  47. — 3 .
—6. —5. —37 . 15. 13. 5. ‘46. —3.
—7. -.5. —36 . 15. 14. 5. ‘45. —3.
—8. —5. —35. 15. 15. 5. 1414. —3.
—9. — 5. —3 14 . 15. 16. 5. ~43. —3.
—1 0. —5.  — 33 .  15. 17. 5. 142. — 3 .
— ii. —5 . —32. 15. 16. 5. 1 4 .  —3.
—1 2. —5. — 3 1 .  i t I . 19. 5. 140. — 3.
— 1 3 .  —5. —30 . 13 . 20. 5. 39. — 3 .
— 1 1 4 .  —5. —29 . 13 . 21.  5. 38. — 3 .
—15.  —5. —29. 12. 22. 5. 37. — 3 .
—16.  — 5. —28 . 12. 23. 5. 3b. — 3 .
—17.  —~4 . — 27. 11 .  24 . 5. 35. — 3 .
—17.  —3. —27 . 10. 25. 5. 3 14 . — 3 .
—17.  —2.  —26 . 10. 26. 5. 33 . —3.
—18.  —2. —25 . 9. 27. 5. 32. — 3 .
— 1 9. —2. —25 . 8. 28. 5. 31 . — 3 .
—20 . —2. -.214 . 8. 29. 6. 30. — 3 .
—21. —2. —23 . 1. 30. 6. 29. — 3.
—22 . —2. —22. o. 31 . 6. 28. — 3 .
— 23. —2. —21.  6. 32. 6. 27. — 3 .
—2 14 . —2. —20 . 6. 33 . 6. 26. — 3 .
—25 . —2. —19.  5. 311 . 6. 25. — 3 .
—26. — 2. —18.  5. 35. 5 214 . .3
— 27. —2. — 17.  5 . 36. 5. 23. — 3 .
—28. —2. — 16. 5. 37. 5- 22. —3.
—29 . —2. —15.  5 .  38. 5. 21.  — 3.
—30 . —2. ~ 114 . 5. 39 . 5. 20. — 3 .
— 3 1 .  —2. • — 1 3 .  5. • - 40.  5 - 19 . -  — 3.
—32. —2. —12 . 5. 111. s. 18. —3.
—33 . — 1 . — 11. 5. 142. 5. 17. —3.
— 311. — 1 .  —10.  5. 43. 14 . 16. —3.
—3 5. — 1 .  —9 . 5. 1114 . 14 . 15. — 3 .
— 3 6 . — 1 .  —8.  5 .  ~45. 3. 114 . —3.
—37 . — 1 .  — 7 .  5. 146. 3. 13 .  —3.
— 38 . 1 .  — 6 .  5. 47 .  2 .  12.  —3.
—37 . 2. —5. 5. ‘413 . 2. 1 1 .  — 3 .
—36. 2. . 14  5• 119. 2. 10. —3.
—35. 3. —3. 5. su. 2. 9. — 3.
— 3 11 .  3. — 2. 5. 5 1 .  2. 8. —3.
—33. 3. —1.  5. 52. 1. 8. —11 .
—3 11 . 11 . u. s. 53. 1.  7. —5.
—311. 5. 1. 5. 511. 1. 6. —5.
—35 . 6. 2. 5. ~~ 1. 5. —5.
—36. 6. 3. 5. 55. — i . 4. —5.
—36. 7. 14. 5. 513 . — 1 . 3. —5 .
—35. 7. ~~. ~~ . 53. — 1 .  2. ~~~—35 . 8. a. 5. 1. —5.

5- - —-—  ~~~~~~~
- - -  —----~~~~~~~~

-——- - —---~~~~~~ -—— -
~~~~

- - — - - - - -
~~~
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Data Set 2 — xy plane

x y x y
0 . 12. —25 . 23.
1. 12. —2~4 . 22.
2. 12. —23 . 22.
3. 12. —2 3. 21.
14. 12. —22 . 20.
5 . 12. —22 . 19.
5. 13. —21 . 18.
14~ 1)4. —20. 17.
3. 114 . —20. 16.
2. ILL . —20. 15.
1. 15. —19.  15.
0. 15. —18.  15.
— 1. 16. —17. 1I4.
—2. 16. —16 . 13 .
— 3 . 17. —16.  12.
—14. 17. —15. 12.
—5. 17. —14. 12.
—6. 18. — 13 . 12.
—7. 18. —12. 12.
— 8.  19 .  — 1 1 .  12.
—9. 19. —10. 12.
— 10.  20. —9. 12.
— 1 1 .  20. —8. 12.
—12. 21 . —7. 12.
— 1 3 .  21 .  — 6 .  12.
..1’4 . 21. — 5. 12.
— 1 5 .  22. —‘4 . 12.
— 1 6 .  22. — 3. 12.
— 1 7 .  22. —2.  12 .
—18.  23. — 1 .  12.
— 19. 23.
—20 . 211. - - -  - - - - - -

—21 . 211.
—22 . 25. ‘V
—23. 25.
—24 . 26.
—25 . 26 .
—26. 26.
—27. 27.
—28. 27.
—28 . 26 .
—27. 25.
—26 . 24 .

_ _



--• .~ — - •~~~~~~~~~~~
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Data Set 2 — yz plane

y z
12. —2.
13. —2.
14. —2.
15. —2.
16. —2.
17. -2.
18. —2.
19. —2.
20. —2.
21.  —2.
22. — 1 .
23. — 1 .
24. — 1.
25. — 1 .
26. — 1 .
27. — 1 .
26. 0.
26. 1.
25. 1.
24. 1.
23. 1.
22. 1.
21.  2.
20. 2.
19. 2.
18. 2.
17. 2.
16. 2.
15. 2.
114 . 2.
13. 2.
12. 2.
12. 1.
12. 0.
12 . —1 ~

- — —h



______ 
- - -

Data Set 2 — xz plane

• x z x z
0. —2. —24 . 2.
— 1. —2. —23. 2.
—2 . —2. —22. 2.
—3. —2. —21.  2.

1i~ — 2 .  —2 0 . 2.
—5. -2. -19. 2.—6. —2. —18.  2.
—7. —2. —17.  2.
—8. —2. —16.  2.
-9. —2. —15.  2.—10.  —2. _ 1L I . 2.
— 1 1 .  — 2 .  — 1 3 .  2.
— 1 2 .  — 2 .  — 1 2 .  2.
— 13. —2. — 11 . 2.
-.114 . —2. —10. 2.
-15. —2. — 9 . 2.
— 16. —2. —8 . 2.
— 1 7 .  —2.  —7 .  2.
—1 8. —2. —6. 2.
—19.  —2. — 5. 2.
— 20. —2. ~14~ 2.
-21. — 2. — 3 . 2.
—22. —2. —2. 2.
—23. —2. — 1 .  2.
—2 11 . —2. 0. 2.
—25 . —2. 1. 2.
-26 . -2. 2. 2.—27 . — 2. 3. 1.
—28 . —2. 11. 1.
-29 . - 1 .  

~ 1.
—30 . — 1 .  5. 0 .
— 3 1 .  — 1 .  

~~ — 1 .-3 1. 0. 
~~—30 . 1 . 2. —2.—2 9. 1.  1. —2.—28 . 2.

—27 . 2.
—2 6 . 2.
—25 . 2.

U
_________________



- 
- 

- — - — -

Data Set 3 — xy plane

x x x y

26. —5. 33 . 14• —21. 5. —7. —5.
27. — 5.  32. LI.  — 22. 5. —6. —5.

H 28. — 5 . 31 . 4. — 23. 5. —5. —5.
29. — s . 30. ~4. —214. 5. —4. —5.
30. —11 . 29. 5. —25 . 5. —3. —5.
3 1 .  —4. 28. 5. —2 6. 5. —2. —5.
32. ~ 14 • 27. 5. —27 . 14 — 1 .  —5.
33 . —13 . 26. 5. —28 . 5. 0. —5.
314 . ~4. 25. 5. —29 . 5. 1. —5.
35. — 3 . 24. 5. — 30. 5. 2. —5.
36. —3. 23. 5. — 3 1 . 5. 3. —5.
37 -.3. 22. 5. — 32. 5. 14 . —5.
3

7

• ~~ 21. 5. — 33. 5. 5. —5.
39, -.3. 20. 5. —3 13. 5. 6. —5.
140. — 3. 19. 5. —3 5. 5. 7. —5.
41. —3. 18. 5. —36 . 5. 8. —5.
14 2. .3  17. 5. —36 . LI .  9. —5.
143. — 3. 16. 5. —36 . 3. 10. —5.
43. ..4~ 15. 5. —36. 2. 11. —5.
tI Ll . —5. 1!!. 5. —36. 1. 12. —5.
45. —4. 13. 5. —36. 0. 13. —5.
‘46. —3. 12. 5. —3 6. — 1 .  1~4. —5.
47. ..3 11. 5. —36. —2. 15. —5.
48. —3. 10. 5. —3 6. — 3. 16. —5.
49. —2. 9. 5. —36. J4 17. ...5,
50. — 2. 8. 5. —36 . —5.  18. —5.
5 1. —2.  7. 5. —35 . —5. 19. — 5.
52. —2. 6. 5. 3l4~ -.5. 20. —5.
53. —2. 5. 5. — 33 . —5. 21.  —5.
5)4~ 1 ‘I. 5. —3 2. —5. 22. —5.
55 — 1. 3. 5. — 3 1 .  —5. 23. —5.
55. o. 2. 5. —30 . —5. 214. — 5.
514. 1. 1. 5. —29. —5. 25. —5.
53. 2. 0. 5. —28 . —5. -- - -

52. 2. — 1 .  5. —27 . —5.
51 .  2. —2. 5. —26 . —5.
50. 2. —3 . 5. —2 5. — 5.  . 

‘V

149. 2. —‘i. 5. —211. —5.
148 . 3. — 5. 5. — 23. —5.
~47. 3. —6. 5. — 22. ...5
116. 3. —7. 5. — 21. —5.
45. 14. —8 . 5. —20. —5.
414 •  5. —9 . 5. —19 . -.5.
113. 4. —10. 5. — 18. —5.
113. 3. — 1 1 .  5 . —17.  — 5.
42. 3. —12.  5. —16.  — 5.
1 4 1 .  3 . — 1 3 .  5. —1 5. — 5.
140 3. —1 14 . 5. —1 14 . —5.

J 39 . 3. —1 5. 5. — 13. —5.
38. 3 . —1 6. 5. —1 2. —5.
37. 3. —17.  5. — 1 1 . — s .
36. 3. —18.  5. —10 . — 5.
35. 3. — 1 9 .  5.  —9. —5.

L - ~1 

20. 5 8. 5



- 5-—— --- - • --5-—-—
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Data Set 3 - yz plane

-5-

y z

0. —3.
1 .
2. -3.
3. —2 .
14• —~1.‘4 . 0.
‘4 . ~1.
3. 2.
2. 3.
2. 14 .
1. 5.
0. 5.
— 1. 5.
—2 . 4 .
— 2. 3.
—3. 2.
— ‘4 . 1.
. 1 4 ~ ~—4.
—3 .  — 2 .

—2. -3.
—~1. —3 . 

5- - -

- --5-- —— - ---—5--—-- _ _ _ • ~a 5-• _,__~___ _ — ------—•----- -— - -—----— -- -- -• —_ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~ - -----



— ~~~~~~~~~~~ 
- — - 

—5- —_—•
•.-—--5-.--_--- 5-

~~
—•5- 5-•• -. ~

_ _ _ _ _ _ _  - - - - - - -

Data Set 3 — xz p lane  14

x z x z x z x z

0. -.3. —25. 5. 29. 6. 213. —3 .
— 1 .  ...3~ 

—211. 5. 30. 6. 27. —3.
—2. _3 .  —2 3 . 5. 3 1. 6. 26. —3.
— 3. -.3. —22 . 5. 32. 6. 25. —3.
— ‘4 . — 3 . —21 . 5. 33. 6. 214. —3.
—5. .-3. —20 . 5• 34. 6. 23. — 3.
—6. —3. —1 9. 5. 35. 5. 22. —3.
—7. —3 . — 18. 5. 36. 5. 21. —3 .
—8. —3. —17.  5. 37. 5. 20. —3.
—9. — 3. — 1 6. 5. 38. 5. 19. 3.
—10. — 3 . — 1 5. 5. 39. 5. 18. —3.
— 11. —3 . — 111. 5. 40. 5. 17. — 3 .

12 —3 —13 . 5. 141. s. 16.  — 3 .
— 1 3 .  — 3 .  — 1 2 .  5.  142. 5. 15. — 3 .
~ 114 . — 3 . —11 . 5. l43~ ~4 . 1~4 . —3.
— 1 5 .  — 3 .  — 1 0 .  5. 44 , 4 13 .  —3.
— 1 6 .  — 3 .  —9. 5. 145. 3~ 12. — 3 .
— 1 7 .  —2.  —8 .  5.  146. 3. 11 .  — 3.

— 1 8 .  —2.  — 7 .  5.  147.  2 .  10. — 3 .
—1 9.  —2. —6. 5. ~48. 2. 9. — 3.
—20 . —2.  — 5 .  5.  ~49. 2. 8. —3.
—21 . —2. — 11 . 5. 50. 2. 7. —3.
—22. —2. — 3 .  5. 51.  2. 6. —3.
—2 3 . —2. —2. 5. 52. 1. 5. —3.
— 211. —2. — 1 .  5. 53. 1.  4. —3.
—25 . —2. 0. 5. 54. i . 3 . —3.
—26 . —2. 1.  5. 55. 1. 2. —3.
—27 . —2. 2. 5 .  55. ~~~~~ 

1 . —3.
—28 . —2. 3 . 5. 54 . — 1 .  -

—2 9 . —2. 14• 5• 53. — 1 .
—30. —2. 5. 5. 52. —2.
— 3 1.  —2. 6. 5. 51 .  —2.
—32. —2. 7. 5. 50. —2.
—33. — 1 .  8 . 5. 149. —2.
—314. — 1. 9. 5. 48.~ —3.
—35. — 1 . 10. 5. ‘47. —3.
—36. — 1. 11. 5. 46. —3.
37 _ 1 12. 5. ~45. _3.

—38. 1. 13. 5. 144• —3.
—37. 2. 114. 5. 143. —3 .
—36. 2. 15. 5. 142. — 3. -

—35 . 3. 1 6. 5. 41 .  — 3 .
...314 . 3 . 17. 5. ‘40. —3.
—3 3 . 3. 18. 5. 39. — 3 .
...311 . 14 19. 5. 38. — 3 .
— 3 14 . 5. 20. 5. 37. -3.

— 33. 5. 21.  5.  36. — 3 .
—3 2 . 5. 22. 5.  35. —3.
—3 1 . 5. 23. 5. 3)4 . — 3.
—30 . 5. 24. 5 . 33. — 3 .
—2 9. 5. 25. 5. 32. — 3 .
— 28. 5. 2b. 5. 31 . — 3.—27. 5. 27. 5. 30. —3.—2 6. 5. 28. 5. 29. —3.

L. _ _ _ __ _ _  _ _ _ _ _  
-

~~~~~~~~~~~~

— -

~~~~~~

-

~~~~~~
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Dat:i ~et 14 — xy plane

x y x
—18 . 5. — 3 6 . —6.
—1 9.  5 . —3 6. —7.
—20. 5. —36 . —8.
—21. 5. —36 . — 9.
—22. 5. —36 . —1 0.
—23. 5. —36 . — 1 1 .
—2 14 . 5. —36 . —1 2.
—25 . 5. —3 6. — 1 3 .
—~~~~. 5. — 3b . — 1 1 3 .
—27 . ~ —36 . — 15.
—28 . 5. —3 5. —15.
—28 . 6. ..3’4 . — 15.
—29. 7. ...314 . — 1~4 .
—30. 8. —33 . — 13.
—30 . 9 —32. —12.
— 3 1 . 10. —32 . — 11.
— 3 2. 11 .  —31.  —1 0.
— 3 2. 12. —30. — 9 .
— 33.  13. —30 . —8.
—313. 1 )-I . —29 . —7.
—3 4. 15. — 28. —6.
—35 . 15. —28 . —5.
—3 6. 15. — 27. _L4 •
—36 . 114 . —26 . —5. —

—3 6. 13 . —25 . — 5.
—36 . 12 . —2 14 . — 5.
—36 . 11.  —23. —5.

—3 6. 10. —22. —5.
—3 6. g

~ 
—21 . — 5.

—36. 8. —20. —5.
—36 . 7. —19 . —5.
—36 . 6. —18.  —5.
—36. 5. — 18. — ‘4.
—36. LI. —16. —3.
—3 6. 3. —18.  —2.
—36 . 2. —18 . — 1 .
—3 6 . 1 .  —18.  0.
—36 . 0. —18 . 1.
—36 . — 1 .  —18.  2.
—36 . —2. —1 8. 3.
—36 . 3 —18.  13 .
—3 6. .14~
—36. —5 .

- - - • - .~~~-- -- - - - ---.--- -
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Data Set 11 — yz plane 149

y y z
1 . 14~ — 1 . 13 .
1 . 5. — 1. 12.
1 . 6. — 1 .  11 .
2. 7. — 1 .  10.
3. 7. — 1 .  9.
4. 7. —2. 8.
5 . 7. —3. 8.
6. 7. — 4. 8.
7. 7. —5. 8.
8. 7. — 6 .  8 .

9. ~~. 
—7. 8.

10. 7. —8. 8.
11 .  7 — 9 . 8.
12. 7. —10 . 8.
13. 7~ — 1 1 .  8.
113 . 7. —1 2. 8.
15. 7 13 . 8.
14 . 8. ~ 114 . 8.
13 . 8. —15.  7. -

12. 8. —14 . 7.
11. 8. — 13. 7.
10. 8. —1 2. 7.
9. 8. — 1 1 .  7.
8. 8. — 10. 7.
7. 8. — 9. 7.
6. 8. —8. 7.
5. 8. —7 . 7.
4. 8. —6. 7.
3. 8. —5. 7.
2. 8. — ‘4. 7.
1. 9. — 3 . 7. —

1. 10. —2. 7 . •

1. 1 1 .  — 1 .  6.
1. 12. — 1 .  5.
1. 13 .  — 1 .  ‘4.
1. 14. 0. 4.
0. iL l . 



r 
- -______  __________ ________

Data Set 11 — xz plane 50

• -~~

- 
-- --- --5- 

~~~~
—_ — — - - ---- •

~-•‘
-
~~~~~-- -

~~~~~
-- -

~~~
- - --- - •--- —5- —---- -_ • - - ------•-—- —- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~


